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ABSTRACT 

i 

At the suggestion of the Advisory Committen of MERC 
Project NRC-g, an investigation «as undertaken to Bturty the 
welding characteristics of heat resisting alloys enployod in 
turbo-superchargers,jet anginas, and gas turbine wheels. The 
primary objectives wore tho development of laboratory testa 
and procoduros which would permit a comparison of the various 
alloys; to carry out this comparison on a seriös of soloctcd 
materials: and to study tho offoct of variables in tho wold- 
ing procoduro, particularly dif foroncos between the subraorged- 
molt and manual-arc processes as well as tho offoct of preheat 
tonporaturo. 

Five wrought alloys and two cast materials wore ex- 
amined, Rnstclloy "B", »155. Timkon 16-25-6, Uniloy 19-9 BL. 
SS16. cast Vitallium, and cast 6059, Throe typos of toats MM 
omploycd, namoly, hoad-on-plato, restrained butt-joint, and a 
special whecl-and-b ticket typo tost. Type 316 "»ß used as wold 
fillor metal throughout except in the case ■ f 1H55 btöW noWl 
whoro fillor motal of the sano cocposition was onployod» 

Sinco tho prcjsct was terminated before the tests 
which had been planned could bo cocplotod,r.o final conclusions 
can bo drawn, Enough work was done, howevor, to show that wide 
variations existed in the woldability of heat resisting alloys. 
Throe typos of cracking wore found to be prevalont, namely, 
wold metal crackl-'-j, ho-.t— vffoct.d-aono cracking, and cracks 
propagating from intcrbuckot Junctions* 

In gcnoral, Raetelloy "B" and Timkcn 16-25-6 alloys 
appoarod to bo tho loast susceptible to welding defects. Alleys 
S816 mid tho two cast alloys woro tho most susceptible, and 
N155 end Uniloy 19-9 DL about internediatu. The cast alloys 
woro particularly suscoptiblo to cracking In tho heat-affoctcd- 
zono* The two wrought alloyB containing'; substantial amounts of 
columbium wore also susceptible to this dofect. Veld metal 
cracking in doposits on cast materials often appoarod as exten- 
sions of crocks la tho heat-affocted-zo:io. Wold notal cracking 
with tho wrought materials was most severe when tho wold do- 
posits woro ontiroly nustenitic in charactor. The presoneo nf 
delta forritc appoarod to inhibit this dofoct. 

The wheol-and-buckot test which was dovolopod, pro- 
duced intcrbuckot Junction cracks similar to thisc occurring 
in production wolding, and appeared suitablo for tho evalua- 
tion of different natoriala» The tost confirmed the inp->rt- 
anco of wold dopOBit contour on interbuckct Junction cracking 
indicating that narrow straight-sided deposits wore gonorally 
best. A few tosts appeared to show that preheat to at least 
600°P. tondod to reduce this typo of cracking. 
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Pßge 1 
TZ'tL REPORT 

m 
THE TGLDABILITV OF H5AT RESISTING ALLOYS 

•      *      •      * 

INTRODUCTION 

In June of I9UU,   the Advisory Committee of NDRC Project No. NRC-8 
which deals with the development of hent resisting metals for gas turbine 
..arts advised the War !•' -tnllur,-■;.- Committee that on acute need existed for 
information on the weldability of those materials.    Tho Committoo reported 
that" a number of fabricators had callod their attention to welding problems 
which were boing experienced.    One especially important application involyod 
was tho bladed rotor or impellor whool usod in aircraft- turbo-sup orchargors 
- thon boing produced at a fovor pitch.    Tho Committco also forosaw a nood 
for weldability data on newly developed heat resisting alloys.    Thoso mater- 
ials had boon ovolvod principally on tho basis of -no chanic.nl properties .-.t 
elevated tompcrntures,  and little or nothing was known about their weldabil- 
ity.    Tho Advisory Committee therefore suggested tho organisation of n weld- 
ing tost progr.im. 

Accordingly,   the Wnr Metallurg Committee initiated tho present 
investigation in July of I9W*.    It was planned to conduct the investigation 
by devising laboratory weld toots to study tho types of,dofoets roportod to 
occur in turbo-suporchargor wheels woldod by both, tho manual-arc and sub- 
mcrgcd-malt procossos.    To utilize the time delay in securing oquipmont and 
materials to perform tho work, an oxnraination was isado. of a number of turbo- 
cuporchargor vftools submittod by one manufacturer.    Tho rosults of this 
preliminary examination now only of limited importance. 

In January of 19*+5i  an Advisory Committee meeting was held to 
discuss the pwgrose which had been made and review the aims-and scope of 
tho project.     It was brought out nt this meeting that because of recent 
developmentS| tho need for investigative work on tho welding of turbo- 
suporcharpor whcols hoi boon surpassed by two other applications, namoly, 
tho jot propulsion unit for aircraft and tho gr.a turbinofor ships.    In 
closing tho mooting, tho Committoo suggested that tho original plans of 
the investigation bo altered so as to attain the following objectives. 

(1) Develop a sirplo weld test,  or tests,   which would 
produco the dofects oncountorod in welding h;;at resist- 
ing .alloys by tho submcrgcd-mclt or nanunl-nre processes, 

(2) Test a scrios of soloctod alloys and dotorminc thoir 
rclativo woldnbility. 
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Page 2 

• 

(3)     Include in the weld tost if possible,   the do sign 
featuroa found in n bladod wheel no that data of irrad- 
iate uac to whool manufacturerB would also bo obtained. 

(U)    Schedule the laboratory work to supply data for 
manufacturers of jot propulsion units firat,  of gas 
turbinoB second,  and of turbo—superchargers third. 

This alteration in plans did hot cause any marked change in tac- 
tics because the throo unito(  turbo-auporchargor, Jot propulsion engine,  and 
gas turbino,  woro mutually related in a number of ranpocta.    The major weld- 
ing probloms in each case were involvod in the bladod rotor or wheel.    Also, 
a numbor of the  Bolfsamo alloys were under consideration as materials for 
whool construction by tho builders of oach typo unit.    Although the whocls 
difforod in oizo,   thoy wore all of similar denifn,  ospocially from tho stand- 
point of possessing a common design dofoct.     In placing a complete ring of 
individual buckota around tho contor diuk,   tho ir.torbucket Junctions con- 
stituted notch effoct, or an incipient crack, at tho cd,;.: of tho '„eld nctal. 

In gonoral,   the bladod rotors or whoola could bo classified into 
two typos,  "hot" whoola and "cold" whocls,  according to their oporating con- 
dition in service    A hot wheel operated with tho ontiro  soction,  that is, 
bith tho contor disk and tho outor ring of buckets, at an elovatod torpora- 
turo, porhapo 1000 to 15000?.    A cold whool operated with only tho buckets 
and n narrow outor peripheral section of tho disk at an elevated tcrpcraturc. 
Tho central portion of the disk remained relatively cold, perhaps ttoa at- 
mospheric tor.mcraturo to g00°F. 

Tho heat resisting alloys initially selected for woldability 
testing in this project are shown in the tabulation bolow.     It was not 
practical to systematically classify and idontify tho materials according 
to their composition, and for this roaeon, their trado designations are 
used throughout the report»    The tabulation has boon separated into wrought 
alloys which may bo uood for disks or buckets and cast alloys which aro 
used for buckets only,   and includes tlio approximate composition of oach. 

Or      Ni Co Ifo Cb      Ti 7c 

Haetelloy "B" 70 w Hesidual 
N153 20 20 20 

0 
2 1 Balance 

Tinkon lo-25~6 lb 25 BaJ.ar.co 
U.niloy 19-9 DL 

S816 
19 9 1 1 ■J •3      Balance 
20 20 uo U l4 i Hesidual 

0«* W»F . • 

VltolUur: 
6059 

28 Balance 
25    30  Balance 

HcBlftwa 
Ho si dual 
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As the wnrk progressed,   several new alleys were .iddod to thia 
list, nanoly, wrought alloy S590,  and cast alloys »+22-19 and XUo.    However, 
the project was terrainatod boforo any tests could bo conductod with tho no 
materiala« 

The cloctrodo or filler motal corapoaitlon first chonon for wold- 
ing the alloys, with tho oxcoptlon of N155* »ns AISI Type 316. Thla grade 
was bolng widely usod by fabricators with a fair degroc of succosr and np- 
poarod to bo tho logical choice for tho initial approach to evaluate wold- 
ability. It wac plannod that additional flllor metal ennpouitione would 
bo selected or possibly cvon dovclopod later in the project ohich v.Muld bo 
bottor ouited for wolding particular alloys* Alloy III55 ■&■ to be molded 
with filler nntal of tho sane ronpr.itlor.. 

In gonoral, throo typos of wold Joint defect a wore roportod to 
occur in welded wheels* Lictod a-id described in order of their relativo 
importance,  thoy wore: 

(1) Notch Extension - Tliia is a form of cracking which 
initiated at tho Junctions bctwoon buckets on tho outer 
od ;o of tho weld metal and propagated radially across 
tho wold Jolr.t.    A typical exanplc of notch .extension 
in a turbo-Bupcrchargor whool can bo soon in Figure 1. 
Wold Joints made by tho nubmergod-molt proQOtS wore re- 
ported to ho raoro susceptible to this defect than Joints 
mndo by tho manual-arc orocc83*    Tho degroo of suscepti- 
bility was also supposed t"> vary with the weld 'irtal 
composition,  rhich of couroo wan determined by tho throo 

.   Joint components!   tho whool, bucket Bfift weld filler 
motels*    Tho dofoct proaohted a serious probIon for the 
notch cxtcroiona continued to propngnto rhon the rhool 
was. placed in service .and operated*    Eventually thoy 
roached c. BIZO which ondangorod tho itrongfk of tho 
whool,  at which point tho wheel would be removed ffeofl 
service. 

(2) Wold l»ctal Boad Cracking - Two forms of wold bead 
crackir-g wore roportod to occur*    Tho first form was 
longitudinal cracking In tho center of tho deposited 
wold bead, gonorally In tho first or root pass.    Tho 
second form was scattered intorgr.anular fissures rang- 
ing from microscopic BIZO to large cracks roadily vis- 
ible to the naked oyo. 

(3) Undorboad Crackinr. - Several instancoa of fusion 
zone oroadetag and "hoat-affectcd-zono" cracking worö 
reported to have occurred in tho heavier Boction buc- 
kets ;>f Jot unit and gas turbine wheels*    Those nator- 
ialo Marc auotonltic typo alleys,   and tho prcsonco of 
such.defects is quite uncommon.    However,   tho cracking 
appeared to bo cnunod by "hot  shortness" rather thai» a 
hardening and cribrittloncnt. 
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In planning wiRid  teats for the  investlocation It ms inpcr.itivo to 
have specimens which could be more readily and economically prcpnrod than 
tho usual bladod wheel. 

The 3EAD-02UPLATE TEST was particularly attractive bocausc of its 
extromo    simplicity«    This tost was used at the otart of tho investigation 
as a preliminary tost to SOCUBO sons fundamental datf on tho alloys.    The 
procoduro moroly consisted of depositing a bead on a pioco of beoo nntor- 
ial 4" x l$n x H" by subnergodVmolt or nnnual-nre wolding and examining a 
transverao macro otchod spocinon ,and a mo tnllo graphic spocinon fron tho 
pioco. 

A MMBUHB BUTT-JOINT TEST was first selected to represent tho 
troublosono "buckot-to-whocl" v/old joint.    Tho tost spoci:ior. consistod of 
two piocca of $" thick material forming a 70° singlo-V center butt-joint 
with abutting root faces.    Tho piocos were clamped In a heavy Jig during 
welding, and tho root facos only partially fusod leaving a mtch in tho 
wold Joint.    Tho purpose of this was to dotorrdno tho susceptibility of 
tho weld itotal to notch extension.    It w.^s - I-..:•. .' to proparo, a first 
sorios of such specimens using two base plates of only a singlo alloy,  a 
socond series in which the base platos would be of dissimilar compositions 
representing typical combinations of v/hool and bucket alloys,   and a third 
sorios similar to the second oxcopt a row of tra-sverse segments would bo 
substituted for tho solid plate representing the bucket alloy.    In addition 
to an examination of macro otch and motoliographic specimens from thoao 
woldod test platos,  transverse tensile and f»co boa."', tents wore also to bo 
mado. 

Upon completion of tho firat sorios .of restrained butt—Joint 
tests using platos of only a single alloy, it was found that nlthoutfi tho 
test furnished considerable information on tho gonoral woldability of tho 
alloys,   in no enso did it disclose any npprociablo oxtonsion of tho root 
notch into tho weld metal.    Furthor tests would have ecun conducted sub- 
stituting segments for the solid plato to  socuro additional notch offect, 
had it not boon for tho appoaranco of a nor obstacle.    Producers of cast 
alloys woro experiencing considerable difficulty in making sound costings 
for tho relatively large tost spoclmons.    Also,   t!ie grnin size of tho cast 
srocimons war, vory much greater than that of tho v.eual cast buckot.     In 
vior of tho difficulty with unn'oindnosB,   «id uncertainty on tho influonco 
of abnormally largo grofta sizo,  it was docided to discontinue thin test 
and redosign tho spocinon. 

The tiHZZL-AITD-BUCKBT DESIG1! TEST was next developed as a wolda- 
bility test.    As the none indicates, the design of tho specimen was similar 
to o. buckotod wheel.    Eowov^r,   instead of a center disk and a surrounding 
ring of buckets,   tho spoelmon consisted of a straight section to roproflOnt 
tho wheol disk with a row of buckct-baso replicas placod in butt-joint pos- 
ition.    Tho assombly of pioces was clanpod in a heavy Jig and woldod from 
both sides by either subaergcd-molt or manual-arc welding.    A preheat tom- 
porature of bOO°P. was usod.    This test design proved to bo more   successful 
than its prodocossor in promoting intcrbuckct .lotch oxtonsion into tho wold 
notnl. .■ • 
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At this stage of the investigation,  a second meeting of the Advis- 
ory Committee was held to discuss the up-to-the-rainuto needs of fabricators 
for information on the weldnbility of heat resisting alloys.    It appeared 
fron the discussion at this mooting that tho tost Vita obtainable fron the 
"whool-and-buckot"   opocimon would suffico, but that tho selection of alloys 
and combinations to bo tostod should be revised«    A now program of future 
nork was then draftod.   Briofly, Tinkon wheel alloy,  88l6 bucket alloy and 
Typo 316 fillor metal woro to be used as standard or control materials in 
studying tho following: 

(1) Influoncc of Preheat Tonperaturo 
(2) leldability of Sight Bucket Alloys 
(3) fleldability of Two Alloys for Cold Typo Whocls 
(U)    Toldability of Throo Alloy Combinations for Kot Typo 

Whools 
(5) Woldobility of Two Wold Filler ilotala 
(6) Wcldability of Two Alloys for Both the Buckets 

and ffhoola of Gas Turbinos 

Whool-and-buclrot tests woro to bo woldod by both the subnorgod- 
nolt and mnnunl-arc processes, proforably in duplicate«    Tho procedure for 
examining tho epocimens was to consist of (l) removing a discard portion 
fron oach ond for macro otch testing,   (2) grinding tho top and bottom weld 
bonds flush to nffiHttfl intcrbucket notch oxtonsion,   (3) radio graphic MB* 
nination, 00 notallographic oxanir.ation of tho notch cxtor.sior.s and any 
other defectB rovealod by tho radiographs,   BAA (rj) microscopic oxanir.ntion 
of tho fracttirod facos of tho notch extensions« 

Of the approximately eighty whool-and-buckct tests plannod, about 
one-third had been welded at the tine tho project was terminated. Examina- 
tion of these tosta had progressed to tho point whero all had boon subject- 
ed to radiographic examination. 

In addition to the investigative work dealing with the general 
woldobility of h» at resisting alloys,  the Rustless Rosoarch Laboratory also 
collaborated with the U.   S.  Naval Engineering Experiment Station at Annapolis, 
I'-aryland in porforming some preliminary hi#i-temperature stross-rupturo 
tests on Joints in NI55 alloy plate rannurlly nro-vrcldod with HI55 oloctrodes. 
This work »ns conducted at the request of the Research Branch, Bureau 'f 
Ships,  Navy Dop'Xtmont, who had need for such data relative to the building 
of gas turbinos from this alloy.    The sane base materials and molding cloc- 
tr-idos as onplnyod in the presort wolnability investigation woro usod in 
the wrk for tho Buroau of Ships.    However, because of tlvo supplementary 
eharaetor of the work and tho limited data available at this writing,  no 
details two includod in this report. 
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SUMMARY 

Bocauso thi3 projoct was torminntod boforo the toste which woro 
planned could DO completed,  no attempt has boon made to draw ony final con- 
clusions.    Sufficient work MM earriod out,  however,   to permit certain 
significant observations rhieh have boon listed below.     In sorno eases these 
observations are the result of only one or tm tests and verification by 
additional toot work in desirablo. 

(l)    Enough work was done to  show that wide variations 
exist in the suscoptibility of different heat resisting 
alloys to the development of welding defects.    Cracking 
of throe types was found to bo fairly prevalent,  namoly, 
cracks in the sold metal,  Cracks in the hcat-affoctcd- 
zone of the base metal,   .and cracks propagating from in- 
terbuckot Junctions.    The seven matoriel a examined 
oxhibitod tho following rpproximato susceptibility to 
those defect si    . 

Weld Ifctal    Heat-Affected    Ihtorbuckot 
Alloy "Cracking     Zone Crackin/:      Cracking 

Haotelloy "B" Very slight 
Timkon 16-25^6 Very slight 

K155 lfederate 
Uniloy 19-9 XSL   Uo derate 

SSlo Sovere 
Vitallium Severe 

o"059 Sevore 

Mono 
Ko'no 

Slight 
No no 

Moderate 
Sovoro• 
Severe 

Slight ■ 
Very slight 
Moderate 

Severe 
MoBerato 
■■■ -.1 •■: 1 ■ 

In genoral, Hnstclloy "B" and Ttmkon 1&-25-6 alloys 
appoorod to bo the loast susceptible to .welding defects. 
Alloy S8I6 and the two cost alloys were tho" most susccp- 
tiblo,  and 1*155 ■** Uniloy 19-9 DL about intermediate 

(2)    Tho cant alloys wore particularly nuncoptiblo to 
cracking in the; heat-affectod-zono«    Tho 00 cracks oc- 
curred along the grain boundaries.    While it was bolicvod 
at first that tho extremely coarse grain size of the 
largo base motal pieces in the boa*-on-plato ard re- 
strained butt-joint specimens had promoted this defect, 
tho occurrohco of the same dofoct in the smaller and 
finer grainod buckot-typo spocinons failed to support 
this hypothesis and tho reason for this suscoptiMlity 
romnins unoxplainod. 
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(3)    Of the five wrought alloys examined,   S8l6 and IH.35 
were also susceptible to hent-affected-sone cracking« 
While the evidence secured to date is atill very Unit- 
ed,   it is believed that this cracking is due either to 
the molting of intorgranular compounds formed in thoso 
alloys or to low ductility resulting from the presence 
of theso compounds at the grain boundaries» 

('■■)    Told motal cracking was also pronouncod in deposits 
on the cast materials«    In many caBOs tho wold matal 
cracks appeared as extensions of cracks formod in tho 
hoat-affectod-zono of the base metal« 

(5) Wold motal cracking which occurrod with tho wrought 
natorials was moat severe in cases where the base motal 
when alloyed with the filler metal rosuited in wold de- 
posits entirely auatcnitic in structure.    Such alloys r.s 
Hastclloy "3" and Tinkon 16-25-6 which gave wold metal 
deposits containing dolta forrito as woll as oustonitc 
apponrod substantially free from this dofect.    The effect 
of small amounts of dolta forrito in austonitic weld do- • 
posits in inhibiting weld metal cracking his been pre- 
viously established.* 

(6) Linitod mechanical tosts on'tho wcldod epecimons 
failed to disclose anything significant rolntivo to 
their woldability*    The dntn wore roally too few to. 
warrant any conclusions. 

(7) A successful laboratory test '7ao developed which 
was capable of producing lr.terbuckot-junction cracks, 
similar to thoso occurring ir. tho actual molding of 
turbo-svperchar^cr rhools.     In the limitod tine tho 
tost was er^)loycd it apneared that reasonably repro- 
ducible resuite could bo secured and thrt tho test 
should be suitable for the evaluation of the suscept- 
ibility of dtfforor.t materials to intorbuckct-Jur.etior.' 
cracking as well as to study tho effect of various 
welding variables. 

* Development of Armor Woldir.g Electrodes (OE-36-2):    The Effect of V*uriations 
ir. Chromium-Nickel Ratio and Kolybdonum Cortont of Austonitic (20 Cr-10 1'i) 
Electrodes on Fmpor'tios if Armor WoLdnonts. by A. L. Foild, F. K. Bloom and 
G. E, Linncrt.    OSBD Is« 303^,. Sorial No. 14-182, December lU,   19U3. 

.....   ■      : 
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(g)    In teeta welded by the aubnergod-molt pr^cens,  at 
least tw^ vnriabloa wero »f inportancc.    Namely,  the 
corpoaition of the wold rictal and tho contour of tho 
wold dopooit.    Matoriala which *poeared acngltlvo to 
intorbuekct-,1unction cracking, cracked sovorcly whon 
wide tnporing deposits woro nadc, hut porformod nueh 
bettor with nnrrow ctraight*-aidod dop?aito.    ^ith nn*- 
toriale loos susceptible to interbuckct-Junetion 
cracking,  deposit contour soenod to have little offoct. 

(9) A for; topta woro corplotod tttlflg tho eubrtorgod- 
lolt welding pr^coas to study the ir.fluonco of pre- 
heat torpcraturo.    Ovor a rango of toqporaturo fron 
70°F.  to 600°F.   thoro waa a tror.d toward   decreasing 
intorbuckct-Junction cracking with inercrvai'Tg preheat 
terpcraturo. 

(10) Vlt.-illiur. wus tho only alloy oi^jloycd in both 
subncrüod-nolt iToldod and UTjaial-nrc woldod tosta» 
Kowovor,  this grado was roproaantod by natorial fror, 
throo prnducuro.    Io narkod. difforenco was found in 
tho mount ?f intorbuckot—Junction cracking in rub- 
nergod-nolt woldod npoci.-iona M eorp.-urod with DOBQtdly 
rrc-r^ldcr1. spocincr.B»    If a.nythi:v:,  thci'i- '.ma r. trond 
tovttfd   leas crack!:ig In the nanaally are—ioldou elites. 
A corp-riaor. of tho r.ateriala applied by the throe 
producers f alloc1, to  s-'-nw any 3ignificrnt difference 
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Tour principal materials wn snploysd In conduct In* this inves- 
tigation, (l) wrought DAM n*tal • used far both whaal disks and buckets 
»r blade«, (2) eat« hi» metal a> used far buekot» or blades only« (3) «b- 
rorgoA-nelt wolding rod, and (U) nanual aro-walding olcctrodos«    Ilnec one 
■poclfts aln of the projeot vat «a oraluato tho weldability af typ leal 
natortale, in nil oaeas «hon purchasing thesa itons tho produeor was fur- 
nished a apoelfientlon ala or asked to soloet natcrlnl '.»hieh. repr B r.tod 
tho average eornosltion generally supplied,    Zt was plannod that eoaploto 
ehonieat analysos would bo aado.ln tho laboratory of all matorlals used. 
This work was not eoroloto at tho termination of tho projoet, 

A.     iMjJMl Alloy Baso Motnl 

The wrought alloys wore soeurod fron connorclal produeora in . 
cither finished bar form or as billets which woro forged to test epocinon 
size«    five alloys were included in tho Investigation*   Tour of those' wero 
tostod in tho "as forged" or "as rolled" condition, while one was solution 
heat troatod and aged.    Tho alloys and tho rospoctivc conditions in which 
thoy were tostod aro listed bolow.    The sources of tho materials are given 
in Tablo 1» and tho eher il col analysos in Iiblo 2. 

Alloy Or ado 

Haatelloy "B" 
Ü155 Cw Carbon) 
Tinkon 16-25-6 
Pallef 19-9 » 

8816 

fcjMttMl 
As Rolled 
As forged 
As Torflod 
As Pbrgod 
Heat Troatod 2275°P - one 
hour - wator quench, plus 
lUoO0!1 - six hours,  air cool 

A rogular practice mi adopted of nacro etch testing oaeh Individ- 
ual pioeo of Tioroucht base notal used In tho weld tost spoelnonst   % «ajor 
baso notal defect» wore found which would bo likely to influence tho wol&a» 
Mlity tost results. 

»•  Pftrt mar Um Utttii 
Test« were eondueted on two oast alloys, Vitalliun and 6059, in the 

"as Cast* condition«    Zt had boon reported by fabrieator« of bucketed wheels 
that tho »eldebility of tho east alloys, or at least that of Vitalliun, varied 
with the easting producer*   For this reason, eastings of Vitalliun woro 
ordernd fron thrpo- different produeors, tho Auatonal laboratories,  Inc., 
General Ilootrlc Conpany, and Heynes Stolllto Coapany#    Tho sources of the 
cast natorlals usod aro given in Table 1, and tho available ehonleal analy- 
sos In Table 2. 

The first design of cast tost spoeinons used in the investigation 
spcolnon was i" 

The pieces woro 
was Identified as No* NRC-1, arid is shown in Figur J 2,    Thospeoinon was i" 
x If" z h" overall and was cast with rough bovolod edgos* 
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used for making both the be.id-on-^plate and tho restrained butt-,Jolnt weld 
tests.    The regular inspoctlon practice for these castings consiotod of 
radiographic and macro otch examination. •   . 

Tho uflO of specimen no.. 1EC-1 was discontinued early In tho pro- 
joct for two reaeono.    Tho relatively l.orgo nnas of tho.plcco made.it quite 
difficult.to cast without oncountoring such defects as nicro-shrlnkago or 
center unsoundnosa.    Also,   the grain sizo of the cast material '.van diffi- 
cult to control,  and tendod to bo abnormally conrsc ae caii bo ocer-'in the 
photograph of tho tost spocimor. lr. Figure 11.   Nevertheless,  tosto havo • 
boon conducted on a nuribcr of Vitallium qjocinons fron two different  sources, 
and 6059 spneimena fror, ono aouroo,  and-tho results included in thi» report. 

The eaat specimen designed for use in the wheol~nnd-buc1cet wold 
test was pattornod after the base of an actual bucket and 1B shown in Fig- 
uro 3. Thia apocimon prosontcd no particular problom to tho enating pro- 
ducors. %)oclnone wore ordcrod in four gradoe, Vitallium, 6059, U22-19, 
and X^O. Tino pormittod tho toating of only Vitallium and 6059. Inspec- 
tion of thooo piocoa included 100$ radiographic examination, but no macro 
etch- examination« 

C. Sibriorgcd-i-fclt Wbldir.g Rod 

Two grades of material, AISI Tyno 316 and NI55 alloy,  wore orv 
ployod as submorgcd-molt voiding rod.    It was planned to first reld all of 
tho baso metal alloys with Tyno 316,   and aftor noting' their relative welda- 
bility,   soloct other welding rod'eorpooitions for trial.    The one .oxcoptior. 
to this ilan was tho caso of N155 alloy where tho fillor metal waa to bo 
tho samo srado as tlic baso motal.    A wolding rod of 1/8" diameter 'vras usod 
throughout tho work.    Tho granular flux or molt employed «aa Undo Air Pro- 
Auct8 Company's Ur.ionmclt Uo, 80 In 20 x 200 noah aizo.    Portinont data on 
tho welding roda uaod aro glv^r. in Tublo 3» 

D. Manual Metallic-Arc Electrodoa 

Electrodes, of both Type 316 and Kl|55 alloy for making the manual- 
arc weld teats were propared in tho Rustless Research Laboratory by * 
straightoning and cutting a sufficient anwunt of 1/8" diamotdr subacrgo<t- 
melt welding rod doscribod above and flux coating thia coro wire by tho 
extrusion process. 

The coatings applied on those two gradoe of core wire worg olmr-lc 
lime-baso'typo fluxes suitable for operation only on direct curront-rovorcc 
polarity« Preliminary tests on thoeo oloetndos included the deposition of 
an all-wold-motal pad for chomical analyses, and tho n.?king of all-rold- 
motal tensilo teats* Tho tonsllo specimens were of r.t.ondard «505" diamotor 
slzo secured longitudinally from a slnglo-V pcotralnod butt-joint in 1* 
thick plates of nild ätöol, 

In Tablo 3 is shovm the composition of tho coro vriros, -weld 
mctala,,   juad.tho wold metal tor.silo properties.    Tho tonsilo test results 
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with the Type y\b material tiro significant because they show tho wold metal 
as such to be froo frnn defects and t:> liovo gocd mechanical properties. 
Theroforo,   any wold metal defects which occur in welding heat resisting 
alloys arc an off ct of tho base netol tt bo considorod in evaluating tho 
base metal's wcldability.    Tho tensile pr^pertioo of tho 1H.55 wold Total 
while r.nrnal for this grado nay hove boon affoetid slightly by tho olag in- 
clusions detected in tho tor.silo spoelnon fracture. 
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TOLDIKG T5ST P3CGE3URE 

Tor the sake of brevity in the following paragraphs describing 
tout procedure,   it will he stated here that all weld tests wore performed 
using two welding proeossos,   3Ubmorged-mclt welding and manual arc-welding;. 
Tho same jigs or fixturos wore used for clasping or rootraining tho joint 
assembly when using oither procoos.    Prohcating vac dono by means of a gas 
burnor and tho torperaturo neasurod with a thornocouplc and Potcntiomotcr. 

Tho submerged-nolt welding oqnipricnt consisted of a Typo "U" 
Unionmolt head and carriage.    All of tho  subuorgod-nolt -.voiding mo tone 
with alternating current.    The welding current wr.s supplied by two 500 
ampere sizo Gonornl Electric Company transformers.    TovordB tho end of the 
investigation,  while the whoel-and-buckot spocinens roro being r/olded,   the 
lachinc was equippod with an Estcrli-io-Angus recording annoter -md volt- 
notcr. 

Tho .manual arc-relying oquipnont consisted of a UoO arporo r.izo 
Wostinghousc notor-gonoratrr rolding nachino. All of tho arc-wolding was 
porformod using diroct current-roversod polarity. 

A.    3ead-on-Plate Test 

The base metal pieces for this test laoasnred $" thick x jA" wide 
x U" long.    Wrought raterials were securod in $" x li" flat bars which wore 
out into U" sections.    Cast alloys were usod in tho HRC-1 design specinons 
as shown in Figure 2.    In caking tho tost,  a v/old bead about 3" long was 
depositod longitudinally on one faco. 

It was intended that tho only variablo in this toot  should bo the 
base metal composition.    Thcroforo, wolding conditions were solocted for 
tho submorgod-melt and manual-arc procossos "Jid held constant.    The condi- 
tions usod wore as follows: 

Subnerftcd-i-lült Prjcoas 
Condition A    Conditi■■:> 5 

Current      -        Arporos 
Closed Circuit Volts 

Travel Speed - "/nin. 

Heat Input — Jouloa/in. 

300 
28 

10 

50,Uoo 

6oo 
28 

25 

Uo,32o 

»IfjiUfJ-Arc Pracni 

110 
25 

8 

20,625 

Two conditions wore used for wolding by tho sub merge 4-molt pro- 
cess to study the influence of varying amounts of bvso metal diluting tho 
wold metal.    Tho amount of dilution with Condition A was go nr. rally In the 
order of 50/6.    Condition B javo nuch deeper pc:iotr.'\tion into the brise metal 
and the amount of dilution averaged about 70$.    Two apoc incus wore made by 
oach condition in each process, ono with tho base MCtal at room torporaturc 
(75°P.) and tho other prohentod to 600°F. 
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Examination of the welded teat piece consisted of removing sec- 
tions as shown in Figure U and preparing then for macro etch anil notallo- 
graphic inspection.    A series 91 MR etch spocinons fron typical bcad-on- 
platc tests is shown in Figaro 10. 

B.    Restrained Butt-Joint 'Test 

The restrainod butt-joint toot specimen,   designed to represent 
the hucket-to-disk joint found in welded bucko tod whools,   is showr. in Fig- 
uro *)%    The fonturos of the specinon,  «ihich correspond to salient features 
of a huckotcd wheel and which wore intended to promto the welding defects, 
wore (l) tho rolativoly largo mass of the base octal piocos,   (2) tho re- 
straint upon those piocos,  .and (3)  the notch in tho botton of tho joint. 

, It will he no tod in Figuro 5 that tho nsaonbly for nnking tho 
tagt specinon consists of two piocos of baBO notal f' thick x 3" rido x U" 
long placod in Juxt.aposition rith edge preparation to roako an included 70° 
sir.gle-V Joint with an abutting root fneo.    For-reasons concerning casting 
practice,   it appeared necessary to limit tho size  if cast base motal pioecs 
to about i" thick x if" wido x U"    long,,   or 0 no-half tho roquirod width« 
Thorcforo,   two cast piocos wore Joined together rith a doublo-V butt-joint 
to make each sidu of tho toot spocinon.    Tho aa.no •iraeticc «ril used in hand- 
ling tho wrought alloys to maintain the sa.no test conditions. 

The first restrained butt-J-int .spocinonB completed woro nado of 
only a single base metal alloy.    In ""elding spocinens,  an attonpt was nado 
to naintain tho sane wold bead size and shapo in oach.    This required fre- 
quent changes in the  submerged-nclt welding conditions bncnuoo of the wido 
differences in the properties and characteristics, of the nlloys.    Tho weld- 
ing operation was drnc rith tho baso metal initially at reon torpcrature 
and a nnxinun interpaos teoerature of I5O0?.    While it v;as vlaimod to con- 
duct further tests using (l) « SOO°F. preheat tonporaturo,   (?)  combinations 
of a whool alloy and a bucket alloy, and (3)   segments of a bucket 'alloy in 
liou nf a solid niece,  this typo spocinon ras discontinued boeauso of cx- 
trcno difficulty in producing s^und cast baso notal pieces having ncor-s- 
".ormal grain si so. 

Despite the discontinuance of the restrained butt-joint type 
specimen,  the exanination nf those tost plates alroady wnldod was carried 
to completion.    The spocinens wore sectioned as shown in Figuro 5«     to» ad- 
dition to macro otch .md netallographlc exanination for defects, bend-tonts 
and tcneilo tests wero proparod to  socuro rough data on the mechanical 
properties of the Joint.    In Figure 11 is shown typical n-.cro otch oi-oei- 
uons fron rostrainod butt-Joint tosts wolded by both procussos. 

C.    TThool-and-Buckot Design Tost 

The whool-and-buckot specinon roprosontod a more direct approach to 
tho objective   if rqiroduciag tho dofects found in the weld Joints of bucket- 
ed wlieols.    This dcaign was avoided at tho  start of the project becauac of 
tho tine roquirod to preprtre    tho baso notoi piocos.    The test  spocinon do- 
sign,  method of assembly,   .and procoduro in filling the Joint by subnergofl- 
riolt welding or manual aro-wolding is shv.m in Figure 6.    Either type of 

5ESTKICT2D 

7 

••* 
*^* 



•   -• RiSTRICTSr 

Page lk 

specimen was clamped in the heavy restraining Jig shown In Figure 7-    Thie 
fixture and all accessories were made of non-magnetic metals to minimise 
magnetic phenomena during welding.    The bolts and nuts appear dark in the 
photograph because they were subjected to a newly developed surface black- 
ening treatment to reduce seising and galling when used at the preheat tem- 
peratures.    The measured-torque wrench also shown in this figure was used 
for tightening the horizontal screws wnich apolied pressure to the abutting 
root faces of the Joint and tno interbuckat fn.es,  and the vertical clamping 
bolts.    Torque forces of 35 foot-pounds and 1M0 foot-pounds respectively 
were applied. 

The arrangement  of equipment for welding by    ither the submcrgod- 
melt or manual-are process is shown in Figure 8.    The Jig containing the 
specimen was supported by two stub shafts and bearings*    Preheating was done 
by means of a large circular three-section gas burner.    A light sheet-metal 
covering was placed over the top of the Jig during the heating operation to 
improve temperature uniformity.    The temperature was measured at all times 
by means of thermocoucles imbedded in both-faces of the wheel piece apcrox- 
imately */-'" f ron t--° beveled edge.    The two thermocouples were oonnected by 
a two-way knife switch to a recording potentiometer.    The thermocouple on 
top which was away from the direct effect of the heating flames was always 
used.    Figure $ is a more detailed photograph of the equipment arrangement 
for eubmcrccd-melt welding. 

In depositing the weld metal«   either by submergedr-melt or manual- 
arc weldingi  the Jiff and specimen    (and submerged-melt flux)  were slowly 
brought up to the specified preheat 'temperature and held at temperature 
approximately five minutes.    After depositing the first  pass of reld metal, 
the assembly  was allowed to dissipate the h«at input.    Upon returning to 
the initial preheat temperature,  the second pass was deposited.    Thus in 
the wheel-and-bucket weld test,  the intcrpass temperature wns the same as 
the preheat temperature.    The only exception wns.jn the case of no preheat 
(base metal initially at rocm ttmperature) where'an 'interpaes  temperature 
of 1«50°F was used. 

Welding the wheel-and-bucket design test specimens by the Bub- 
raorged-melt process required considerable care because of the short leivth 
of tne test Joint.    Tho 8* long specimen permitted only s travel distance 
of 2H in which to adjust the controls    f the machine tj  secure the proper 
deposit shape.    A narrow reld 4eposit havinr vertical si Irs which terminated 
in a rounded foot was desired in the wheol-sn^-bueket  Boeeimnn since this 
shape was preferred by fabricators of welded wheels.    The fabricators be- 
lieved that a denoBit having a wide ton and taperin«: sides t.. the root point 
was hyper-sensitive to radial notch extension because of the relatively thin 
section adjacent to the interbucket Junction at the surface. 

In a given set of conditions for submerged-melt welding, the factor 
which has the greatest influence on the deposit  shape is the Hstanoe be- 
tween the rod and work luring deposition,  or from another viewpoint, the 
closed circuit  voltage.    When welding the wheel-and-bucket specimens, if a 
closed circuit voltage  ->f approximately 29 or greater was used, a "wide" 
bead such as  shown in Figure 13 would be deposited.    If the closed circuit 
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voltage was approximately 25 to 29,  a "narrow" bead like that  shown In Fig- 
ure lU would he secured» 

Heldin,; the wheel-and-bucket dosiftn sped run hy tho ntmual-arc 
process proaontod no particular difficulty.    Figure 15 illustrates a typical 

■•Idea ti- .-,t plato and tho shape of tho wold Joint as revealed hy a macro 
otch spocimon. 

The procedure for tho examination of tho ml Tod whcol-and-buckct 
specimens is illustrated in Figaro 6 and outlined below* 

.   (l)    Macro etch.aaoclnons were prepared from discard 
..,',■     portions at oach end of the tost plato.    Thoso spoci- 

..   ,       'mono wero examined for. wold natal .defects,  and -were 
• also used to dotcrnino tho percentages of wheel.rotal, 

i»!.' baae riotal .and filler in the wold dorn bit.    The tost 
•'- .•'•).'   ,    P"lato,  aftor ronoval of tho discard,: vr.n U" Ion« and 

edntainod eight buckots. 

...   t 

'.'•I 

•I . 

• »  . 

-:'V 

(2) Ifcns'irrncn-t if lnterbuckot r.ttph extension was 
nado by-.'Tiiiiiiv: thr? top .in'' bottom vraldn flush with 
thcr-wheel and buekot aurfneos and oxanlning tho seven 
lhterbuckct junctions on either side rith a 25-powor 
nicro scope«    The wold.surfaco was finishod with a ho, • 

;1 grit Metallographie.paper,  nnd any oxtor.oion of tho 
Junction into the wold, Total" was no-'surcd with a scale 
graduated iji 6Wths of 'an Inch.    Ho.wovor,  to make thoso • 
data more; easily corjvtrod,   tho noasurerlonto wore ox- 
preesod in thousandths of an inch».    ■   • •.. - 

(3) Radto/r'o.phic ox.iriinatlon was next viado of .the W   v 
loniS töEt plato*    The oxposuro was nade r.Wial.to tho   • 
plato eurfaou.    A^onatraiitrtor csado; of K155 .''Hoy ro- ' 
presenting 2$ of tho test spocinon"'thicknosn- was 
placed on the wold Joint. .1 

. : 

• ,. 

" % 
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TEST RESULTS 

A.    Bead-on-Plate and Restrained 3utt-Joint Testa 

Seven heat resisting alloys aa Hated, belov; were tested for weld- 
ability by moans of the boad-on-plate and restrained butt-joint wold tests. 

Haetelloy "B" 
N155 
Tinkon 16-25-6 
Unlloy 19-9 DL 

S816 
Vitalliun 
6059 

Using a single base metal alloy in either typo of wold toßt,   eight 
spocimona as doscribed below were prepared with each alloy: 

Submerge d-Ifclt "elding 

(1) Bcad-on-platc,  eurront 300 amperca, room temperature? 
(2) Bcad-on-platc,  eurront 300 anporcs, 600°F. preheat 
(3) Boad-onnplato,   current 6O0 ncpercs, roon temperature 
(U) Boad-on-ploto,  current 600 arpcros, 600°F. prohcat 
(5) Restrained butt joint, room tempera1 uro 

Manual Arc-^cldinr: 

(6) Boad-on-plato,  roon torparrtt'iro _,.; 
(7) Bead-on-plata,-600CP. prohoat ■ •. " ",""." 
(8) Be at rained-■bu.Vt-Jcint, room totpcraturc '••   '•- 

■ - '                              ..     »     .          • 

Typo 3l6 wold filler notal «mi UßOd in all caaoa oxcept that of 
alloy NI55 whoro fillor metal of tlic sane composition wan uso.d. 

The rcaulto of the bond-o'n-plntc tost for Qnch'alloy using the 
sub nor god-melt procoas are shown in Table U.    The results of this test using 
the manual-arc procoaa are shown ir. Table 5«    ^hc rcoulto of the restrained 
butt-joint t<SBt3 raided by both procoaacs arc eontrincd III Table 6.     It can 
bo seen from tho dnta in these tablos th-t the only kind of defect which 
appeared in the wold?.bility tests was intcrgrouulnr cracking or fissuing. 
Such defects as porosity or abnormally large non-metallic inclusions never 
presented a problem. 

Tho cracks wore found in both the hcat-affectod-zanc nf the baco 
notal and in tho weld metal.     In a few caoos crack0 in the hoat-affentod- 
20 no wore found to have propagntod into  tho weld metal.    No inotnncca of 
crackB following the fusion lino or zono were found. 

In Figuro 12 ia shown tho nppoaranco of intcrgranular Stacking in 
the heat-affoctod-zono of a manually arc-relded Joint in S81c alloy.    This 
condition KM found at "the Junction of tno wold beads in restrained butt- 
joint specimen So« 14-21.     It is enspoctod th'ii tho .cracking is due cither 
to tho melting1of intergranular compounds or to low ductility resulting from 
tho prosence of thcac compounds at the grain boundaries. 
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Thfl following tabulation sumriarizos tho typos of cracking found 
in tho various specimens of oach grade. 

Submerged-Mclt Manual-Arc 
B.iso Boad-on Bend-on Restrained Boad-on Rcntr.".i:.od 
15c tal Plato 

(300A) 
Plato 

(SOOA) 
Butt-Joint Pinto Butt-Joir.t 

Hnstclloy Nbno None r-no Nono ((Wii)) 
NI55 HAZ, TO Nono (Not Undo) Nono TO 

Tiirtcor. Nono None Nono None (TO) 
Uniloy w Nono TO Nono TO 

S8l6 So no Nono Nono Nono HAZ, TO 
Vitalliun HAZ, W HAZ, TO HAZ,   IH HAZ, TO TO 

S059 TO TO (Not Made) RAZ HAZ,  TO 

TO   - Cracking in Wold Metal 
HAZ - Cracking in Hcat-Affoetcd-Zonc 
( ) - Paronthosos donoto only slight cracking 

Tho r,iochar.ical properties secured fror, tensilo and bond tests on 
tho rostrainod butt-Joints aro givon in Tablo 7« 

Sono briof notos on the nicrostructure of the base no tal and weld 
■Dial arc prosor.tod below. 

Wold Metal Weld Uotol 
Baso i-Sotal                       Base »*3tal                      iiicrostructuro Microstructuro 
 Allay              Micr^structure      Subnarffca-folt      Ifanwiadtfl  

Kastolloy "B"    Austonitic-liko grains.          Austonito,   snail Au3tcnito,   sn.-J.-L 
Snail clusters of enrbidoe.   amur.t of delta amount of dolta 

forritc, carb 11M.   forritc, carbic'-oe. 

NI55 Austonite,   intor and intra    Auator.itc and 
grmular carbidos. carbides. 

Austenite and 
carbidos. 

Tinkon 16-25-6    Austonite,   intor and intra   Austonito,   sr.all    Auotcnitc,   sTiall 
.   . graaulnr carbides, fcnvuit of dolta      amunt of delta 

forrito, carbidos.   ferrito, carbides. 

Ur.iloy I9-9 m«   Austonito,   inter and intra   Austonito,  sono 
gronular carbides. 

S8l6 Auntonite-liko grains, 
corplotc intorgrnnular 
carbido network,   intra- 
gr.av.ilar carbides. 

Vitalliun Austonito-liko grains, 
cornlox carbidos. 

6059 Auatonito-liko fXains, 
corplox carbides. 

delta forrito, 
carbides. 

Austonito and 
carbides. 

Austonito,   s^no 
dolta forritc, 
carbidos. 

Austonito and 
carb ido s* 

Austonito and Austonito and 
conplox carbidos. conplox cftrbidos» 

Austonite ,and Austonito ond 
corplcx carbidos. corplcx carbides.. 
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B,     Wheel-and-Bucket Doslm Te3t 

A tooting program consisting of six auctions using tho wheel-and- 
bueket design specimen was planned for tho invostig.ition.    Tho program Is 
completely outllnod in Tablo 8.    In brlof,   tho main objectives of tho work 
were tiio determination of the following. 

(1) Influonco of ^reheat tompcraturos 
(2) "oldabillty of ol~ht bucket alloys 
(3) "oldability of two alloys for cold typo wheels 
(U) Solvability of throo alloy combinations for hot typo whoola 
(5) floldablllty of two alloys for wold filler metals 
(6) VoldnbiUty of two allocs for both the buckets and wheel a 

for gns turbines 

In these tests,  throe materials wore usod as arbitrary standards, 
Tiafeon 16-25-6 alley for tho wheel,   S816 alloy for the buckets,   and Tyoo 
316 for tho flllor metal. 

At the tine this project was terminatod,   ab nut ono-thlrd ->f tho 
approximately olghty planned' rhocl-and-buckot dcsi,T- test specimens had boon 
welded.    Only five of these specimons were manual arc-woldod.    Of the six 
scriOB ''f tcstB riontiorod abovo,   tho completed specimens represented (l)  tho 
Influonco of preheat toq?orr.4'iro,   (2) tho weliabllity nf bucket alloys,   and 
(6) tho woldability ~f alloyo for gas turbines.    Examination of the speci- 
mons had nrosTesscd to tho extent of having nacre otch apcclr-ions proparod, 
notch oxtonsion noa«urod. and ra&ifigraphle examination note* 

As a whole,  tho macro etch specimens revealed only a few defects. 
In the test platos having wrought alloy buckets and weldod by *ho submerged- 
molt process, only tlioso of S8I6 alloy wore found to have defects.    Throo 
out of six platos contained small weld metal cracks as shown bolowS 

Specimen 
fel 
U-39 
U-5U 
U-58 

Whool 
JUaj. 

Uniloy ig-9 3L 
Tlmkon I6-25-6 
Tlnken 16-25-6 

Bucket 
Alloy 

S816 
S8l6 
SSlb 

Pillor 
5--v;-a, 

Type 3lo. 
Typo 31b" 
Typo 3l6 

Ono sriall wold Mtal crack 
TTIO snail rold natal cracks 
One  snail weld metal crack 

•    In tho toot plates having cast alloy buckots woldod by either pro- 
cess,  eases woro found of wold metal cracking and tho pocullar cracking In 
the heat-affocted-Bono of the cact alloy which prop'agatoa into tho weld 
metal.    The spocinons which contained defoct3 woro! 

Specimen Wheel Bucket Filler 
Ho. Alloy Alloy 

Vital Hum 
Vltalllur. 
Vltalllur; 
Vitalliun 

6059 

total 

U-H3 
U-H5 
U-51 
U-59 
U-50 

Tlnkon 16-25-6 
Tlrikon 16-25-6" 
Tinker. 16-25-6 
Timkon 16-25-6 
Tlrikon 16-25-6 

Type nl6 
Tync 3I6 
TynO 316- 
Tyne 3I6 
Typo 316 

W-30 Tlnkon 16-25-6 Vitalliun Typo 3I6 
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Snail crack fron HAZ into fH 
Sr.all er-ck in W 
Two cracka In IM 
Small cr."Ck In ill 
Snail tfaOk fron HAZ Into T« 
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After fTinding tho wold beads flush with the wheel and bucket 
surfaces,   It was found that tho toot soocinon had successfully indue«d 
notoh extension into the void metal.    The appoaranco of tho cracks or ox- 
tonsions which propagated from the  intcrbuekct Jimctiona conporod favorably 
with tho30 found in turbo—supercharger whools.    This con bo socn by collar- 
ing Figure 17. which shows the botton wold boad of apocimons no. U-36 after 
grinding and finishing with motnllogrnphic paper, with Figure 1. 

Tho technique of measuring the longth of theso extensions on n 
surface thus prepared was admittodly lacking in accuracy.    Novortholosa,' in 
vier of tho netallogrrphic examination which was to bo r-^do,   it appo-^rod 
bent to rofrain fron etching the spoeinens to noro clorrly reveal the do- 
fecto.    Uotch extension data for whcol-.".nd~buckot specir.ons woldod by tho 
Bubriercod-nolt process ore shown in Tablo 9i   and by tho nanunl-arc procoss 
in Tablo 10.    «MB no-'.suring thoso dofocts in a spocimon,   a record was nade 
of the length at the top and botton of each junction.    Howovor,   cir.ee tho 
longthe woro reasonably consistent, the practico of totaling tho lengths of 
extensions in a si:.glc wold boad v.'as usod for cor-.vonionco in reporting,     Ir. 
Tables 9 and 10 the so totals for top anil b->tt -n boado havo bocr. added to- 
gcthor and tl«m divided by fourteen to  ooeuro tho average notch extension 
per Junction. 

In examining tho results of subnorgod-nolt wcldod tents in Table 
9,  there appears   at first glance,  to be very poor ngrconont bctwoon a nurv 
bor of auplicato specimens as to notch oxtoneion cusceotibllity.    It will 
bo notod, horovcr,   that tho shopo nt t*10 weld deposit has bc'on lister". In 
tho table,   and that this provides an explanation for tho disarroerxir.t.    Tie 
suspicion of whool rTonufactnrcrs that "wide" beads (t'.ia torn als" irr«lies 
sharply trpcred. aides)  aro more suseoptlblp to intorbuekct notch "attention 
is aonfirn»ft by tho 30 data«    A fow specific example's which nay bo pointed 
«ut in t'-.iB table are ascribed below: 

(1) Conp-.ro tost specimen B0g« Ü-38 and U-58, both of 
which consist ->f Tirkon 16-25-6 alloy whool - S8l6 alloy 
buckots - Typo 316 fillor motnl.     Specimen no, U-38 was 
woldod with a wide deposit and possessed or. average 
notch oxtonsion per Junction of .173"•     Spocimon U-58 
was woldod with a narrow deposit and avoragod only .029" 
notch extension per junction. 

(2) -Specimen no. U-h5.17as.nado of a Tlnkor..lo«25-6 •■-. - 
«tool, Vltalllun buckots,   and Ty?o 316 fillor notal.     Ir. 
this case tho top wold boad was wide ond had an average 
of .069" extension per junction, while tho bottom wold 
bead was narrow and had only .022" per Junction. 

(3) Further conf iraation is found in specimen no. UU9 
which was also nado of Sinken alloy,  Vitallium,   and ,   . 
Typo 316 nrt>rinlB.    In this spocimon both tho top and   ' 
bottom wold doposlts varied from the" wide type at the 
start to the narrow typo at tho finish.     In Figuro 16 
is shown the apponranco of tho top and bottom of tho 
as^wolded plate and tho macro etch spocinons from oach 
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end«    The length of extension measured at each intt-r- 
bucket junction appears in the photographs.    The more 
severe extensions have occurred in tho wide portion of 
the deposits on oithor side. 

Attention should be called to tho fact that all of the alloys 
tosted did not show an increased susceptibility to notch oxtonsion with 
wido deposits!    Buckot alloys Sf?l6,  Vitnllium,  and 6059 all nppoarod to 
promote this incronsod erne!:ing in tho widor beads.    Alloy S8l6 was the 
moot prominent example.    On tho other hand,  Tinkon lo~25-6,   Hastclloy "B" 
and N155 when usod as buckot alloys prolucod not only a lowor rsrorngo of 
notch oxtonsion than tho alloys montionod above, but gave similar results 
with both wido and narrow dovoaitn. 

Tho radiographs indicated no defects in any of tho  spocimons ex- 
cept tho intcrbuckot notch oxtonsions into tho «old metal.    The cracks in 
the weld metal and hoat-jiffcctod-ssono eroviouoly noted in tho macro etch 
spocimonB wore apparently of such oizo and shape as to bo unclntoetablo by 
X-ray examination.    The radiographs woro of little value in dotorminlng 
moro accurately tho length of notch oxtonsion.    Tho extensions in tho top 
and bottom wold boad wore,  of course,   superimposed on each r-ther.     In sev- 
eral tost plates,   lengthy oxtonsions woro soon on tho wold metal surfneo 
which wore revealed to a looser dogroc in tho radiograph* 

It was planned that somo sections of the tust spoeimona for mct- 
allographic examination would bo romovod by nicking; and fracturing through 
tho notch oxtonsior.s.    In this way the characteristics of tho crack sur- 
faces could be  otudioc'i    Sufficient time was available to nick-fracturo 
only a small number of spocimons*    No «otallogTfiphic work was enductod* 

An indication of the difficulty involved in accurately dotormin- 
ing tho dogreo of notch oxtonsion is shown in Piguro 18.    This figure 
illustrates the fact that tho maximum cxtonaion may occur at the contor of 
tho weld Joint rather than tho top or bottom surfaco.    A procedure suggest- 
ed for future work to ovorc^mo thin problem consists of cutting ono-hnlf 
of tho tost plate into a throe-layor "sandwich" to porr.it *waour> meats at 
four additional lovcls through tho J" thick section. 
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APPENDIX 1 

Figure    1 - Aircraft Turbo-Supercharger A'heel Welded by the Submerged- 
Melt Process Having lnterbucket Notch Extensions into 
..'eld Metal 

Figure 2 - Specimens for Restrained Butt-Jcint Weld Test 

Figure 3 - Bucket-Base Replica for Wheel-and-Bucket Design   .eld Test 

Figure U - Bead-on-Flate .ield Test 

Figure 5 - Restrained Butt-Jcint "«Veld Test 

Figure 6 - Wheel-and-3ucket Design Weld Test 

Figure    7 - .»elding Fixture for lidding '.«'heel-and-3ucket Design Te3t 
Specimen.    A Specimen for Submerged-2-.elt ..'elding is in Place. 
The Measured-Torque Wrench is Used for Tightening All Belts 

Figure    8 - Equipment for Submerged-klelt and annual-Arc »elding. 
(A) .«elding Fixture Foised Over Gas Burner.    (B) Recording 
Potentiometer fcr Temperature Lleasurement.    (C)    lietal Cover 
fcr Fixture During Heating Cycle.    (Li)    Recording Instruments 
for Welding Current 

Figure    9 - Position of Equipment for Welding '.Jheel-and-Bucket Design 
Specimen by the Submerged-Melt Process 

Figure 10 - Typical Macro Etch Specimens from Bead-on-Flate ..'eld Teats 
Showing Siae and Shape of Weld Deposits 

Figure 11 - Typical Macro Etch Specimens from Restrained Butt-Joint Weld 
Tests Showing Size and Shape of '.«eld Deposits 

Figure 12 - Intorgranular Cracking in Heat-Affocted-Zene of S816 Alloy 
Base Metal. Restrained Butt-Joint Test Specimen No. U-21, 
Manual-Arc welded.    Located at Junction of Two ..eld Beads. 

Figure 13 - Typical '.iheel-and-Bucket Design Test Specimens .,'elded by the 
Submerged-^lelt Process.    Wold Beads are "«Tide11 Type Deposits. 
As Welded Plato above, Macro Etch Specimens Below 

Figure 14 - Typical Wheel-and-Buckot Design Test Specimens ./elded by the 
Suhraorged-Liclt Process,    ./eld Beads are "Narrow" Type Deposits. 
AS ..elded Plate Above, Macro Etch Specimens Below 
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APPENDIX I (Ccnt'd). 

Figire 15 - Typical *.'heel-and-Bucket Design Tost Specimens '..'oldod by the 
Lianual-Arc Process.    As ..elded Plate Above, Macro Etch 
Specimens 3olcw 11 

Figure 16 - '■(hoel-and-Buck^t Design Specimen He. U-49 welded by the 
Submorged-Llelt Frecess.    Note that Weld Beads Change from 
"'»ttde" Type Dopc3it at Start, to "Narrow" Type Deposit at 
Finish.    Notch Lxtensicns are more Severe in ">Vide" Portion 
of '..'eld Beads.    Further Details en this Test are Presented 
in Section en Test Results 

Figure 17 - Wheol-and-Bucket Design No. U-36 t-eldod by Submorgod-LIelt 
Process Shewing Appearance of Severe Notch Extension in 
Bottom ..eld Bead 

Figure 18 - First Bucket Remrved from \tor.el-and-Buckot Design Test 
Specimen Nc. U-^3 by Nick and Fracture Technique,    liete that 
Maximum Notch Extension Has Occurred Near Center cf Soction 
Rather than at the Surface 13 
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Figure 1 Aircraft Turbo-Siqaercharger Wheel Welded by the 
Submerged-Melt Process having Interbucket Notch Extensions 

into Wold Uetal. 
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APPENDIX 1-4 

Figuro 7 Welding Fixture for Holding Wheel-nnd-3uekot Design Test 
Specimen.      A Specimen for Subaergod-Melt Wolding is in Place.    The 

Measured-Torque Wronch ie Ueed for Tightening All Bolts. 

Figure 8 Equipment for Submerged-Melt raid Manual-Arc Welding. 
(A) Welding Fixture Poised Over Gas Burner.     (B) Recording Poten- 
tiometer for Temperature Measurement. (C) Metal Cover for Fixture 

During Heating Cycle    (D) Recording Instruments for Welding 
Current. 
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Figure 9 Position of Equipment for Welding Iheel-and- 
Bucket Design Specimen by the Submerged-Melt Process 
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APPENDIX 1-6 

UC1 - UNILOY 19-° PL 

BEAD ON PLATE JIACRO MCI IP10DOB 
SUBMERGED ARC PROCESS - 300 Amp. 

I f 
loom Temperature 600»T. PrrVf 

ILO* 19-9 PL 

SI ECIim 
.   ARC PHCCÄS5 - 600 Amp. 

► 

■ . •"      60O°f«  Prefc Ht 

UCl  - UMLCY  Vj-j PL 

BEAL  ON PLATE MACRO  ETCH  SPECIMEN 
MAKVAL METALLIC D.   C.  ARC PROCESS 

Figuro 10 Typical Macm Etch Specimens from Bead-on- 
Plate Veld Tests Showing  Size and Shape of Veld Deposits» 
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APPENDIX    1-7 

HS1  - HASTELLOY  "B" 

RESTRAINED JOINT MACRO ETCH SPECIMEN 
SUBMERGED ARC PROCESS - 300 Amp. 

ROOM TEMPERATUR: 

ALI - VITALLIUM 

RESTRAINED JOINT MACRO ETCH SPXCIMEN 
MANUAL METALLIC D.C.  ARC PROCESS 

ROOM TEMPERATURE 

Figure 11 Typical Macro Etch Specimens from Restrained Butt-Joint 
Weld Tests Showing Size and Shape of Weld Deposits. 
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4 
, '    " •.    • T   ...»• ' 

-   ■    :   C   ' 

.,v,,,v,   . 

• ~y ■ 51 a 

Weld 
Metal 

*-• 

JHSfesJf •       ^ Base . £        /        V , Mai 

oTL?& fli   InJer«r«mlM' Cracking In Heat-Affected-Zone 

%>eciraon No. M-2J    Manual-Arc Vfilded.      Located at 
Junction of Two Weld Bead«. 

Etchant - 1(# Chromic Acid (Electrolytic) 
Magnification 250 X 
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Figure 13 Typical Wheel-and-Buckot Design Test Specimens Welded 
by the Submerged-Melt Process.     Weld Bcado are  "Wide"  Typo Deposits« 

Ae Welded Plate above.  Macro Etch  Specimens below. 
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J 

Figure lU Typical Wheel-and-3ueket Design Teat Specimens Welded 
by the Submerged-MeIt Process.      Weld Beads are "Narrow" Typo 
Deposits«    As Welded Plate above,   L',icrc Etch Specimens below. 
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1 
1 i 
1 

^^ 

■JB^-^^B 
i 
I 

Figure 15 Typical Wheel-and-Bucket Design Test Specimens Welded 
by the Manual-Arc Process.        Aa Welded Plate above,  Macrc Etch 

Specimens below. 
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Figure l6 Wheel-and-Bueket Design 
Specimen No. U-U9 Welded "by the Sub- 
merged-Melt Procces. Noto that Weld 
Beads Chango fron "Wido" Typo Deposit 
at Start, to "Narrow" Typo Deposit at 
Finish. Notch Extensions arc more Se- 
vere in "Wide" Portion of Weld Beads. 
Further Do tails on this Test are Pre- 
sented In Section on Toot Results. 

4T. 
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Figure 17 Whoel-and-3ucket Design No. U-36 Welded by Submerged-Melt 
Process Showing Apoenranco of Severe Notch Extension 

in Bottom Weld Bond. 

7t 

TOP   BEAD 
„ U      OBSERVED    094* 

BOTTOM     BEAD 

BUCKET 

MU   OBSERVED   06" 

MA*' 

*£U3 
NICK   & TRACT URE 
•OTCH    EXTENSION 

Figuro 18 First Bucket Removed from Wheel-and-Bucket Design Test 
Specimen No. U-i»3 by Nick and Fracture Technique.    Kote that Maximum 
Notch Extension Hao Occurred Near Center of Section Rather than at 

the Surface. 
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Pago No. 

Table 1      -    Sources of Base Metal Alloys 1 

Table 2      -    Chemical Con$jogition of Base Metal Alloys 2 

Tablo 3     -    Data on Welding Rod and Electrocioa 3 

Table U     -    Submerged-MoIt Bcad-on-Plato Tests * 

Tablo 5      -    Manual Arc-Woldod 3or.d-on-Pl.ito Tests 

Table 6      -   Rcstr-iinod Butt-Joint Wold Tosto ■ 

Table 7      -    Mechanical Tests on Restrained Butt-Joints 1 

Table 8      -   Program for Whool-and-Euckot Design Hold Tests 8 

Table 9      -    Submcrgcd-Mclt Whoel-and-3uckct Design fold 9 
Test Results - Notch Extension 

Tablo 10    -    Manual-Arc flhool-and-Buckct Design Wold Test 11 
Results - Notch Extension 
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